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ABSTRACT
The enhancement ∆Γ(Λb) of the Λb decay rate due to four-fermion pro-
cesses of weak scattering and Pauli interference is calculated within the
quark model. An estimate of the relative bu wave function at zero sep-
aration, |Ψ(0)|2bu, is obtained in terms of the Σ
∗
b − Σb hyperfine splitting,
the B∗ − B hyperfine splitting, and the B meson decay constant fB. For
M(Σ∗b)−M(Σb) = 56±16 MeV,M(B
∗)−M(B) = 46 MeV, and fB = 190±40
MeV, we find ∆Γ(Λb) = (0.025± 0.013) ps
−1, to be compared with the ob-
served enhancement Γ(Λb)− Γ(B
0) = 0.20± 0.05 ps−1. Even such a meager
enhancement entails a value of |Ψ(0)|2bu considerably larger than the corre-
sponding value of |Ψ(0)|2cd in the Λc baryon.
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The differences among lifetimes of particles containing heavy quarks are expected to
become smaller as the heavy quark mass increases and free-quark estimates become more
reliable. Thus, although charmed particles have lifetimes ranging from less than 0.1 ps
for the Ωc [1] to greater than 1 ps for the D
+ [2], mesons and baryons containing b quarks
are expected to have lifetimes differing no more than a few percent [3, 4, 5]. For example,
it is expected that the process, bu→ cd in the Λb (“weak scattering”), when considered in
conjunction with the partially offsetting process bd→ cu¯dd (“Pauli interference”) should
lead to a small enhancement in the Λb decay rate, so that τ(Λb) = (0.9 to 0.95)τ(B
0).
Some caution has been urged with regard to the four-quark matrix element in these
estimates [6]. In the present Letter we present a new evaluation of this matrix element
which confirms the expected smallness of the enhancement. We perform this evaluation
using a hyperfine splitting sensitive to the heavy quark – light quark interaction, which
has recently become possible in b-flavored baryons as a result of a measurement of the
Σ∗b − Σb splitting by the DELPHI Collaboration [7].
The observed Λb lifetime is τ(Λb) = 1.20± 0.07 ps, while the B
0 decays more slowly:
τ(B0) = (1.58 ± 0.05) ps. Here we have averaged a compilation of world data [8] (for
which τ(B0) = 1.18± 0.07 ps) with a new value [9] τ(B0) = 1.33± 0.16± 0.07 ps. The
ratio of these two quantities is τ(Λb)/τ(B
0) = 0.76 ± 0.05, indicating an enhancement
of the Λb decay rate beyond the magnitude of usual estimates.
In the present Letter we find that, in spite of a large wave function for the bu pair in
the initial baryon, which we denote by |Ψ(0)|2bu, only (13±7)% of the needed enhancement
of the Λb decay rate can be explained in terms of the effects of the four-fermion matrix
element. (Isospin symmetry then dictates |Ψ(0)|2bd = |Ψ(0)|
2
bu.) If we assume wave
functions are similar in all baryons with a single b quark and two nonstrange quarks,
this quantity can be related to the hyperfine splitting M(Σ∗b) −M(Σb), for which the
DELPHI Collaboration at LEP [7] has recently quoted a large value of 56±16 MeV. We
estimate the effect of gluon exchange by performing a similar calculation for B mesons,
relating the B∗ − B splitting to the B meson decay constant and taking account of
differing spin and hyperfine factors in the meson and baryon systems.
A relation for the enhancement of the Λc decay rate due to the weak scattering
process cd → su was first pointed out in Ref. [10]. At the same order in heavy quark
mass, one must also take account of Pauli interference (interference between identical
quarks in the final state) [11, 12]. Thus, for the Λb, one considers not only the process
bu → cd (involving matrix elements between Λb states of (b¯b)(u¯u) operators), but also
those processes involving matrix elements of (b¯b)(d¯d) operators) which contribute to
interference. The net result of four-quark operators in the Λb is an enhancement of the
decay rate by an amount (see, e.g., Refs. [11, 12, 5])
∆Γ(Λb) =
G2F
2pi
|Ψ(0)|2bu|Vud|
2|Vcb|
2m2b(1− x)
2[c2
−
− (1 + x)c+(c− − c+/2)] . (1)
Here we have neglected light-quark masses; x ≡ m2c/m
2
b , while c− and c+ = (c−)
−1/2
are the short-distance QCD enhancement and suppression factors for quarks in a color
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antitriplet and sextet, respectively: [13]:
c− =
[
αs(m
2
c)
αs(M2W )
]γ
, γ =
12
33− 2nF
, (2)
with nF = 5 the number of active quark flavors between mb and MW . The c
2
−
term in
square brackets reflects the weak scattering process bu→ cd→ bu, while the remaining
terms arise from destructive interference between the two intermediate d quarks in the
process bd→ cu¯dd→ bd.
Taking the strong interaction scale in the modified-minimal-subtraction scheme for
four quark flavors to be [14] Λ
(4)
MS
= 200 MeV, we find αs(m
2
b) = 0.193 and αs(M
2
W ) =
0.114, and hence c− = 1.32, c+ = 0.87. An estimate of |Ψ(0)|
2
bu is then needed. We
find it by comparing hyperfine splittings in mesons and baryons, under the assumption
that the strength of the one-gluon exchange term is the same for the light quark – heavy
quark pair in each system.
Our result, which we shall explain in more detail presently, is
|Ψ(0)|2bu = 2 ·
2
3
·
M(Σ∗b)−M(Σb)
M(B∗)−M(B)
·
MBf
2
B
12
, (3)
where the first factor relates to color, the second to spin, and the last term is the
nonrelativistic estimate of the bu¯ wave function in the B meson [15]. (Here one may use
the spin-averaged value of vector and pseudoscalar masses for MM .) With the DELPHI
value of M(Σ∗b)−M(Σb), the B
∗ −B splitting of 46 MeV [2], and the estimate [16, 17]
fB = 190±40 MeV, we obtain |Ψ(0)|
2
bu = (2.6±1.3)×10
−2 GeV3. This is to be compared
with |Ψ(0)|2bu¯ = MBf
2
B/12 = (1.6± 0.7)× 10
−2 GeV3 for the B meson. Our assumption
of equal values of αs governing the hyperfine interaction of the light – heavy pair in the
meson and baryon must be viewed cautiously in this light. It is possible that αs in the
more compact baryonic system (since the wave function appears to be larger) is smaller
than in the meson, which would further enhance the estimate of |Ψ(0)|2bu.
Several previous estimates of the four-quark matrix element (see, e.g., Refs. [4, 10,
11, 18]) utilized the hyperfine splitting between the Λb and the Σb (or the corresponding
charmed states). Since this splitting involves the interaction of two light quarks as well
as one light and one heavy quark, it necessarily involves a statement about light quark
masses, as well as about the relation between the relative wave function of two light
quarks and that of a light and a heavy quark. Our approach avoids such assumptions.
In the relation (1) we now neglect sin θc (setting Vud = 1), and choose mb = 5.1 GeV,
mc = 1.7 GeV, and |Vcb| = 0.040± 0.003. We then find
∆Γ(Λb) = 0.025± 0.013 ps
−1 . (4)
The decay rates of the B0 and Λb are Γ(B
0) = 0.63±0.02 ps−1 and Γ(Λb) = 0.83±0.05
ps−1, differing by ∆Γ(Λb) = 0.20±0.05 ps
−1. The four-quark processes noted above can
explain only (13± 7)% of this difference, leading to an enhancement of only (4± 2)% of
the total Λb decay rate in contrast with the needed enhancement of (32± 8)%.
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We now give some details of the calculation and see how well it does for the Λc.
The hyperfine interaction in a meson Mij¯ composed of a quark i and an antiquark j¯
leads to a mass shift [19]
∆M(Mij¯) =
32pi
9
αs
〈sˆi · sˆj〉
mimj
|Ψ(0)|2 , (5)
where sˆi refers to a quark spin operator. The corresponding result for a baryon Bijk is
∆M(Bijk) =
16pi
9
αs
∑
i>j
〈sˆi · sˆj〉
mimj
|Ψ(0)|2ij . (6)
The relative factor of 2 arises from the different color factors for a quark and antiquark
in a meson (a triplet and antitriplet making a singlet) and two quarks in a baryon (two
triplets making an antitriplet). This factor of 2 is the first term in Eq. (3).
We take the ratio of hyperfine splittings in mesons and baryons so that light quark
masses and values of αs cancel out. We thus assume that (a) effective light quark masses
in mesons and baryons are equal (borne out at the 20% level by phenomenological fits
to meson and baryon spectra [19]), and (b) the values of αs governing the corresponding
hyperfine splittings are similar (reasonable since in both mesons and baryons one is
concerned with systems of one light and one heavy quark).
We must isolate a baryon mass shift sensitive to the interaction between a light quark
and a heavy one. The Σ∗b −Σb splitting is the appropriate quantity. In both Σb and Σ
∗
b ,
the light quarks are coupled up to spin 1. The splitting then depends purely on the light
quark – heavy quark interaction.
The wave function between a light quark and a heavy one is assumed, as mentioned,
to be identical in the Λb and in the Σb−Σ
∗
b system. The two light quarks are coupled up to
zero spin in the Λb, and hence have zero net hyperfine intreraction with the heavy quark,
while the hyperfine interaction between the light quarks and the heavy one averages to
zero if we take the spin-weighted average of the Σb and the Σ
∗
b .
The value of 〈sˆQ · sˆq¯〉 is (1/4,−3/4) for a (
3S1,
1S0) Qq¯ meson, where Q and q are the
heavy and light quark. For a baryon Qqq with Sqq = 1, one has 〈sˆQ · sˆq〉 = (1/4, − 1/2)
for states with total spin (3/2, 1/2). Thus the difference in sˆi · sˆj for the Σ
∗
b−Σb splitting
(counting a factor of 2 for the two light quarks in the baryons) is 3/2 that for the B∗−B
splitting. The factor of 2/3 in Eq. (3) compensates for this ratio.
The relation [15] |Ψ(0)|2 = MMf
2
M/12 for the square of the wave function of a Qq¯
meson probably has important corrections of order 1/mQ, if lattice calculations are any
guide [17]. These are ignored in the present discussion. They are likely to be more
important when we apply the present method to charmed states.
The corresponding calculation for charmed particles makes use of the following in-
puts.
1. The D meson decay constant was taken [16] to be fD = 240 ± 40 MeV, leading
(with MD = 1973 MeV) to |Ψ(0)|
2
cd¯ = (0.95± 0.32)× 10
−2 GeV3.
2. The D∗ − D splitting is assumed to be 141 MeV (the average for charged and
neutral states [2]).
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Table I: Comparison of predicted squares of wave functions and decay rate enhancements
for Λc and Λb.
Quantity (units) Charm Beauty
fM (MeV) 240± 40 190± 40
|Ψ(0)|2Qq¯ (10
−2 GeV3) 0.95± 0.32 1.6± 0.7
M(3S1)−M(
1S0) (MeV) 141 46
M(Σ∗)−M(Σ) (MeV) 77± 7 56± 16
|Ψ(0)|2Qq (10
−2 GeV3) 0.69± 0.24 2.6± 1.3
c− 1.60 1.32
c+ 0.79 0.87
c2
−
− (1 + x)c+(c− − c
2
+/2) 1.52 0.88
∆Γ(ΛQ) (ps
−1) 0.8± 0.3 0.025± 0.013
3. Charmed baryon masses are taken to be M(Σc) = 2453 MeV [2] and M(Σ
∗
c) =
2530± 7 MeV [20].
4. The strong fine-structure-constant at m2c is taken to be αs(m
2
c) = 0.289, consistent
with the QCD scale mentioned above, leading to c− = 1.60, c+ = 0.79.
5. The strange quark mass is taken to have a typical constituent-quark value, ms =
0.5 GeV. We continue to neglect u and d-quark masses for simplicity.
6. The CKM factors in Eq. (1) undergo the replacements |Vud|
2|Vcb|
2 → |Vcs|
2|Vud|
2,
which we approximate by 1 (again neglecting sin θc).
The resulting matrix element |Ψ(0)|2cd = (0.69±0.24)×10
−2 GeV3 is consistent with
an estimate in Ref. [10] of |Ψ(0)|2cd = 0.74 × 10
−2 GeV3. In that work, the value of
|Ψ(0)|2cd was assumed to be the same as for two light quarks in the charmed baryon, and
was estimated using the observed Σc − Λc splitting. It was also necessary to assume a
specific value of αs = 0.58 in the hyperfine interaction expression (6), which we do not
do here. Our value of c− is smaller than assumed in Ref. [10] and we take account of
destructive interference, leading to a smaller result for ∆Γ(Λc).
The results for systems with c and b quarks based on our method are summarized in
Table I. Several remarks can be made.
(a) The difference between the central values of |Ψ(0)|2Qq¯ for charm and beauty reflects
the likely importance of 1/mQ corrections (see, e.g., Ref. [17]), or – in the language of
the quark model – of reduced mass effects.
(b) The Σ∗c −Σc hyperfine splitting used in this calculation is based on one claim for
observation of the Σ∗c [20], which requires confirmation.
(c) The value of |Ψ(0)|2bu is somewhat large in comparison with the others for light-
heavy systems. It would be helpful to verify the large hyperfine splitting between Σ∗b
and Σb claimed by the DELPHI Collaboration [7]. The ratio of hyperfine splittings
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for charmed and beauty mesons is approximately 3:1, as expected if these splittings
scale as 1/mQ. In contrast, the corresponding ratio for baryons is considerably smaller,
indicating a violation of 1/mQ scaling.
(d) The enhancement of the Λc decay rate is quite modest. With Γ(Λc) ≈ 5 ps
−1,
to be compared with Γ(D0) ≈ 2.4 ps−1 and Γ(D+) ≈ 1 ps−1, one seeks an enhancement
of at least Γ(Λc) − Γ(D
0) ≈ 2.6 ps−1. If the enhancements ∆Γ(ΛQ) in Table I were
about a factor of 4 larger, we could accommodate both the Λc and Λb decay rates, but
this is not consistent with our estimates of the matrix elements and their effects on
decay rates. In particular, the effect of Pauli interference is to cut the na¨ıve estimate
of the enhancement due to weak scattering alone [10] by roughly a factor of 2. Hybrid
logarithms [11], not considered here, have a relatively modest effect, leading if anything
to further suppression of the enhancement for Λb decay [5].
To summarize, we have used the hyperfine splitting between Σ∗b and Σb claimed by
the DELPHI Collaboration [7] to estimate the overlap of quark wave functions between
the b quark and the light quarks in the Λb, and hence to estimate the effect of four-quark
operators on its decay rate. Even though the matrix element |Ψ(0)|2bu = |Ψ(0)|
2
bd deduced
from the DELPHI result is quite large on the scale of those for heavy-light systems, one
can only account for (13± 7)% of the difference between the Λb and B
0 decay rates, or
an enhancement of (4± 2)% of the Λb decay rate. A similar approach also falls short of
accounting for the corresponding enhancement for the Λc decay rate. If the enhanced
Λb decay rate is borne out by further data, we can only speculate that strong final-state
interactions which cannot be anticipated on the basis of perturbative QCD must play a
role even at the rather high mass of the Λb.
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